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Field of Invention 

5 

The present invention relates to a semiconductor memory 
device; and, more particularly, to a semiconductor memory 
device reducing peak current during a refresh operation. 

10 Description of Prior Art 

Generally, a semiconductor memory device has two 
different types, one is a dynamic random access memory (DRAM) 
and the other is a static random access memory (SRAM). 

15 Since a memory cell included in the SRAM is formed by 

four latched transistors, the SRAM can hold its data without 
external refresh, for as long as power is supplied to the SRAM. 

In contrast, a memory cell included in the DRAM is 
formed by a transistor and a capacitor, and the capacitor has 

20 to be charged or discharged for the DRAM operation. Charge 
quantity stored in the capacitor, however, reduces as time 
passes. Therefore, the DRAM must be refreshed periodically in 
order to hold its data contents. 

Refresh operation for the DRAM is described below. 

25 A word line included in the . DRAM is selected 

sequentially every predetermined period; and, then, charge 
stored in a capacitor included in a memory cell corresponded 
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to the selected word line is amplified by a sense amplifying 
unit. The amplified charge is stored into the capacitor again. 
Therefore data stored in the memory cell can be kept without 
any loss. 

5 Fig. 1 is a block diagram showing a conventional DRAM. 

As shown, the conventional DRAM 100 includes a RAS 
controller 11, a pre decoder 12, a main decoder 13, a sub 
decoder 14, a repair circuit unit 15, a word line driver 16,. a 
sense amplifier controller 18, a cell block 20 and a data 
10 access controller 30. 

The RAS controller 11 receives a bank address BA. The 
pre decoder 12 is controlled by the RAS controller 11 and 
decodes a five bit row address signal A<9:13>. The main 
decoder 13 decodes a mat signal MS<0:31> from the pre decoder 
15 12 and a six bit row address signal A<3:8>. 

The sub decoder 14 decodes the mat signal MS<0:31> 
outputted from the main decoder 13 and a three bit row address 
signal A<0:2>. The repair circuit unit 15 is controlled by 
the RAS controller 11 and receives a twelve bit row address 
20 signal A<2:13>; and, then, outputs a repaired word line 
selecting signal RMWL<0:31> for selecting a repaired word line 
if the twelve bit row address signal A<2:13> is repaired. 

The word line driver 16 receives the repaired word line 
selecting signal RMWL<0:31> outputted from the repair circuit 
25 unit 15, a first decoded signal MWL<0:63> outputted from the 
main decoder 13 and a second decoded signal FXB<0:7> outputted 
from the sub decoder 14; and, then, generates a word line 
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selecting signal SWL for selecting and driving a word line 
included in the cell block 20. 

The sense amplifier , controller 18 is controlled by a RAS 
control signal RASCTL_OUTPUT generated from the RAS controller 
5 11 to generate a sense amplifier control signal SACTL_OUTPUT . 
The cell block 20 includes a plurality of memory cells. 

The cell block 20 includes a first cell block 21 and a 
second cell block 22. Each of those two cell blocks 21 and 22 
has same number of memory cells. 
10 The data access controller 30 transfers a fourteen bit 

row address signal A<0:13> to the first cell block 21 and the 
second cell block 22 at a data access operation, or transfers 
the fourteen bit row address signal A<0:12> to each of the two 
cell blocks 21 and 22 fixing a highest row address signal 
15 A<13> at the refresh operation. 

A first sense amplifier unit 19A senses and amplifies 
data in memory cells coupled to an activated word line 
included in the first cell block 21. A second sense amplifier 
unit 19B senses and amplifies data in memory cells coupled to 
20 an activated word line included in the second cell block 22. 
The first sense amplifier unit 21 and the second sense 
amplifier unit 22 are controlled by the sense amplifier 
control signal SACTL_OUTPUT . 

Referring to Figs. 1 and 2, the refresh operation of the 
25 conventional DRAM is described below. 

Generally, the number of word lines included in a memory 
cell block of a semiconductor memory device depends on the 
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number of bits of a row address signal inputted to the memory 
cell block. In case of Fig, 1, a 14-bit row address signal is 
inputted to the cell block 20, and, therefore, there are 
16x1024 word lines corresponded to the 14 bit row address 
5 signal. 

For instance, in case of a 1 giga-byte memory device, 
30-bit row address signal is needed for the 1 giga-byte memory 
device. 2 bit among the 30 bits of the 30-bit row address 
signal are for selecting a bank, other 14 bits are for a row 

10 address selecting word lines and the other 14 bits are for a 
column address selecting bit lines. Therefore, there' are 
provided 16x1024 word lines corresponded to the 14-bit row 
address signal and there are also provided 16x1024 memory 
cells per every word line. 

15 As described above, the DRAM must be refreshed in order 

to hold its data contents. Hereinafter, the refresh operation 
of the DRAM according to prior art is described in detail. 

If the bank address BA is inputted to the RAS controller 
11 and a refresh enable signal REF is activated, a word line 

20 of the first cell block 21 is activated and refreshed; and, at 
the same time, a word line of the second cell block 22 is also 
activated and refreshed. 

Herein, the row address for selecting word lines for the 
refresh operation is 13 bits because the number of word lines 

25 included in the first cell block 21 is a half of the whole 
number of word lines included in the cell block 20. 

As a result, since the first sense amplifier unit 19A 
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and the second sense amplifier unit 19B operate simultaneously 
during the refresh operation, peak current is increased 
rapidly. 

The increased peak current prevents the conventional 
5 DRAM from operating stably. 

Summary of Invention 

It is, therefore, an object of the present invention to 
10 provide a semiconductor memory device for reducing peak 
current during a refresh operation. 

In accordance with an aspect of the present invention, 
there is provided a semiconductor memory device including a 
plurality of banks, each having first and second cell mats, 
15 each having a plurality of word lines; a data access 
controller for selecting a word line from the first cell mat 
and the second cell mat in response to the row address and a 
refresh signal to be used in a refresh operation; and a bank 
controller for sequentially enabling the first cell mat and 
20 the second cell mat in response to a bank address and the 
refresh signal . 

Brief Description of the Drawings 

25 The above and other objects and features of the present 

invention will become apparent from the following description 
of preferred embodiments taken in conjunction with the 
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accompanying drawings, in which: 

Fig. 1 is a block diagram showing a conventional DRAM; 

Fig. 2 is a block diagram showing a semiconductor memory 
device in accordance with the present invention; ■ 
5 Fig. 3 is a block diagram showing a bank controller 

shown in Fig. 2; and 

Fig. 4 is a timing diagram showing an operation of the 
semiconductor memory device in accordance with the present 
invention . 

10 

Detailed Description of invention 

Hereinafter, a semiconductor memory device in accordance 
with the present invention will be described in detail 
15 referring to the accompanying drawings. 

Fig. 2 is a block diagram showing a semiconductor memory 
device in accordance with the present invention. 

As shown, the semiconductor memory device includes a 
first cell mat 500, a second cell mat 600, a data access 
20 controller 800 and a bank controller 700. 

Each of the first cell mat 500 and the second cell mat 
600 includes 8x1024 word lines. The data access controller 
800 activates a word line of the first cell mat 500 or the 
second cell mat 600 at a data access operation; however, at a 
25 refresh operation, the data access controller 800 activates a 
word line of the first cell mat 500 and a word line of the 
second cell mat 600. 
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The bank controller 700 enables the first cell mat 500 
and the second cell mat 600. At the data access operation, 
the bank controller 700 enables both of the first cell mat 500 
and the second cell mat 600 at the same time; however, at the 
5 refresh operation, the bank controller 700 does not enables 
the cell mat 500 and the cell mat 600 simultaneously. 

The first cell mat 500 includes a first RAS controller 
510, a first pre decoder 520, a first main decoder 530, a 
first sub decoder 540, a first repair circuit unit 550, a 
10 first word line driver 570, a first sense amplifier controller 
560, a first cell block 580 and a first sense amplifier unit 
590. 

The first RAS controller 510 receives a first cell mat 
enable signal BAI . The first pre decoder 520 receives a five 

15 bit row address signal A<9:13> to decode the received five bit 
row address signal A<9:13>, where the first pre decoder 520 is 
controlled by the first RAS controller 510. The first main 
decoder 530 receives a first mat selection signal MS<0:15> 
from the first pre decoder 520 and a six bit row address 

20 signal A<3 : 8> to decode the received two signals MS<0:15> and 
A<3 : 8>. 

The first sub decoder 540 receives the first mat 
selection signal MS<0:15> from the first main decoder 530 and 
a three bit row address signal A<0:2> to decode the received 
25 two signals MS<0:15> and A<0:2>. The first repair circuit 
unit 550 receives a eleven bit row address signal A<2:12> and 
generates a first repaired word line selecting signal 
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RMWL<0:15> for selecting a repaired word line if the received 
thirteen bit row address signal A<2:12> is repaired, where the 
first repaired circuit unit 550 is controlled by the first RAS 
controller 510 . 

5 The first word line driver 570 receives a first decoded 

signal MWL<0:63> outputted from the first main decoder 530, a 
second decoded ' signal FXB<0:7> outputted from the first sub 
decoder 540 and the first repaired word line selecting signal 
RMWL<0:15> outputted from the first repair circuit unit 550 in 

10 order to decode the received three signals MWL<0:63>, FXB<0:7> 
and RMWL<0: 15>. 

The first sense amplifier controller 560 is controlled 
by a first RAS control signal RASCTL0_OUTPUT outputted from 
the first RAS controller 510 to generate a first sense 

15 amplifier control signal SACTL0_OUTPUT . The first cell block 
580 includes a plurality of memory cells. The first sense 
amplifier unit 590 is for amplifying data included in selected 
memory cells. 

The second cell mat 600 includes a second RAS controller 
20 610, a second pre decoder 620, a second main decoder 630, a 
second sub decoder 640, a second repair circuit unit 650, a 
second word line driver 670, a second sense amplifier 
controller 660, a second cell block 680 and a second sense 
amplifier unit 690. 
25 The second RAS controller 610 receives a second cell mat 

enable signal BA8KI. The second pre decoder 620 receives the 
five bit row address signal A<9:13> to decode the received row 



address signal A<9:13>, where the second pre decoder 620 is 
controlled by the second RAS controller 610. 

The second main decoder 630 receives a second mat 
selection signal MS<16:31> outputted from the second pre 
5 decoder 620 and the six bit row address signal A<3:8> in order 
to decode the received two signals MS<16:31> and A<3:8>. The 
second sub decoder 640 receives the second mat selection 
signal MS<16:31> and the three bit row address signal A<0:2> 
in order to decode the received two signals MS<16:31> and 
10 A<0:2>. 

The second repair circuit unit 650 receives the eleven 
bit row address signal A<2:12> and generates a second repaired 
word line selecting signal RMWL<16:31> for selecting a 
repaired word line if the received eleven bit row address 

15 signal A<2:12> is repaired, where the second repaired circuit 
unit 650 is controlled by the second RAS controller 610. 

The second word line driver 670 receives a third decoded 
signal MWL1<0:63> outputted from the second main decoder 630, 
a fourth decoded signal FXB1<0:7> outputted from the second 

20 sub decoder 64 0 and the second repaired word line selecting 
signal RMWL<16:31> from the second repair circuit unit 650, 
then, decodes the received three signals MWL1<0:63>, FXB1<0:7> 
and RMWL<16:31>. 

The second sense amplifier controller 660 is controlled 

25 by a second RAS control signal RASCTL1_0UTPUT outputted from 
the second RAS controller 610 to generate a second sense 
amplifier control signal SACTLl_OUTPUT . The second cell block 



9 



680 includes a plurality of memory cells. The second sense 
amplifier unit 690 is for amplifying data included in selected 
memory cells. 

Fig. 3 is a block diagram showing the bank controller 
5 700 shown in Fig. 2. 

As shown, the bank controller 700 includes a first 
control unit 720, a second control unit 730 and a refresh 
period setting unit 710. 

The first control unit 720 generates the first cell mat 
10 enable signal BAI for enabling the first cell mat 500 using a 
bank address signal BA. The second control unit 730 receives 
the first cell mat enable signal BAI and outputs the second 
cell mat enable signal BA8KI without delay at the data access 
operation; however, at the refresh operation, the second 
15 control unit 7 30 outputs the second cell mat enable signal 
BA8KI after delaying the first cell mat enable signal BAI for 
a predetermined time. 

The refresh period setting unit 710 receives a refresh 
enable signal REF to generate a refresh period setting signal 
20 REF8K for controlling a refresh period of the first cell mat 
500 and the second cell mat 600. Herein, the refresh period 
setting signal REF8K keeps its activated state from the time 
when the first cell mat enable signal BAI becomes activated to 
the time when the second cell mat enable signal BA8KI becomes 
25 inactivated. 

Fig. 4 is a timing diagram showing an operation of the 
semiconductor memory device in accordance with the present 



invention . 

Referring to Figs. 3, 4 and 5, the operation of the 
semiconductor memory device is described below. 

The bank controller 700, at the data access operation 
5 for writing or reading data, generates the first cell mat 
enable signal BAI and the second cell mat enable signal BA8KI 
at the same timing using the bank address signal BA. 

Therefore, the two cell mats 500 and 600 are enabled 
simultaneously, and the data access controller 800 transfers 
10 the fourteen bit row address A<0:13> to the two cell mats 500 
and 600. 

Therefore, one of word lines included in the first cell 
block 580 and the second cell block 680 is activated. 

Subsequently, the first sense amplifier unit 590 or the 

15 second sense amplifier unit 690 operates according to the 
activated word line; then, one of the two sense amplifier 
units 590 and 690 amplifies data loaded in memory cells 
corresponded to the activated word line. 

As described above, in case of 1 giga-byte DRAM having 

20 four banks, if each bank included in the 1 giga-byte DRAM has 
16x1024 word lines, the each bank also has 16x1024 bit lines 
connected to sense amplifiers. Therefore, if a word line is 
activated, data stored in 16x1024 memory cells corresponded to 
the word line is amplified by sense amplifiers. 

25 Thereafter, in case of reading operation, one of the 

amplified data is selected by a column address and outputted. 
Then, the amplified data is restored to memory cells. In case 
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of writing operation, the amplified data is substituted by an 
external data, then, restored to memory cells. 

The bank controller 700, at the refresh operation, 
outputs the first cell mat enable signal BAI to the first cell 
5 mat 500, and outputs the second cell mat enable signal BA8KI 
to the second cell mat 600 after delaying for the 
predetermined time using the bank address signal BA. Herein, 
the predetermine time is marked as *tD' in Fig. 4. 

The data access controller 800 transfers the thirteen 

10 bit row address A<0:12> to each of the cell mats 500 and 600 
fixing the highest row address A<13>. 

As described above, at the data access operation for 
reading or writing data, 14-bit row address signal is needed 
for selecting a word line from both of the cell mats 500 and 

15 600. However, at the refresh operation, two word lines are 
selected, one from the first cell mat 500 and the other from 
the second cell mat 600. Therefore, a 13-bit row address 
signal is needed to select a word line from each of the cell 
mats 500 and 600. That's why the data access controller 800 

20 transfers the thirteen bit row address A<0:12> to each of the 
cell mats 500 and 600. 

Since the bank controller 700 outputs the first cell mat 
signal BAI and the second cell mat enable signal BA8KI at 
different time, i.e., outputs the first cell mat signal BAI 

25 first, then, outputs the second cell mat enable signal BA8KI 
after the predetermined time tD, the first cell mat 500 and 
the second cell mat 600 are activated at different time. 



Subsequently, a word line of the first cell mat 500 is 
activated first, and a word line of the second cell mat 600 is 
activated after the predetermined time tD. 

Therefore, the first sense amplifier unit 590 and the 
5 second sense amplifier unit 60 operate at different time; and, 
then, peak current can be reduced. 

As described above, if a word line is activated, 16*1024 
sense amplifiers have to operate. Therefore, in case of a 
semiconductor memory device according to prior art, 2x16x102 4 
10 sense amplifiers have to operate simultaneously during the 
refresh operation. However, in case of the semiconductor 
memory device in accordance with the present invention, 
16x1024 sense amplifiers start to operate first and the other 
16x1024 sense amplifiers start to operate after the 
15 predetermined time at the refresh operation. Therefore, peak 
current could be reduced in the semiconductor memory device in 
accordance with the present invention. 

Referring to Fig. 4, the bank controller 700 outputs the 
first cell mat enable signal BAI and the second cell mat 
20 enable signal BA8KI at the same time during data access 
operation (this operation period is marked as 'X'); however, 
the bank controller 700 outputs the first cell mat enable 
signal BAI first, then, outputs the second cell mat enable 
signal BA8KI after the predetermined time tD at the refresh 
25 operation (this operation period is marked as *Y' ) . 

As shown, the refresh period setting unit 710 included 
in the bank controller 700 outputs the refresh period setting 
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signal REF8K to the first cell mat 500 and the second cell mat 
600. Herein, the refresh period setting signal REF8K keeps 
its activated state from the time when the first cell mat 
enable signal BAI becomes activated to the time when the 
second cell mat enable signal BA8KI becomes inactivated. 

Comparing the refresh period setting signal REF8K with 
the refresh enable signal REF , a logic 'HIGH' period of REF8K 
is longer than that of the REF by the predetermined time tD 
because the cell mats 500 and 600 operate at different time at 
the refresh operation. 

While the present invention has been described with 
respect to the particular embodiments, it will be apparent to 
those skilled in the art that various changes and 
modifications may be made without departing from the spirit 
and scope of the invention as defined in the following claims. 
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